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3UREOHPVWHOOXQJXQG)RUVFKXQJVIUDJHQ
8QWHUVXFKXQJHQKDEHQJH]HLJWGDVVVWDQGDUGLVLHUWH1RUPVSHNWUDOZHUWIXQNWLRQHQGHU&,(
YRQXQGEHL/('6SHNWUHQ]X0HWDPHULH%UFKHQIKUHQN|QQHQWURW]PHVV
WHFKQLVFKJOHLFKHU)DUE|UWHU0HWDPHULHZHUGHQ/LFKWIDUEHQXQWHUVFKLHGHHUNDQQW%DVLH
UHQG DXI XPIDQJUHLFKHQ $UEHLWHQ PLW /('6SHNWUDONRPELQDWLRQHQ IU ZHLH /('/LFKW
IDUEHQJLEWHVYRQ32/67(5 9RUVFKOlJHIUQHXH6SHNWUDOZHUWIXQNWLRQHQ78,/XQG
78,/%LHWHQGLHVH)XQNWLRQHQ$QVlW]H]XU2SWLPLHUXQJGHV%LQQLQJVYRQ/('"
6WDQGGHU:LVVHQVFKDIW7HFKQLN
6WDQGDUG IU GLH IDUEPHWULVFKH 0HVVXQJ YRQ /(' XQG GDV /('%LQQLQJ VLQG GLH &,(
1RUPVSHNWUDOZHUWIXQNWLRQHQ -H QDFK 6SHNWUDOYHUWHLOXQJ VLQG IU ZHLH /(' PLW
LGHQWLVFKHQ)DUENRRUGLQDWHQIUYLVXHOOH*OHLFKKHLW GHU/LFKWIDUEHQ)DUEUDXPIHKOHU ELV]X
'X¶Yµ  YRQ 32/67(5 EHVFKULHEHQ ZRUGHQ 'LH )DUEGLVNULPLQDWLRQVVFKZHOOH IU
ZHLH /('/LFKWIDUEHQ OLHJHQ QDFK .5$0(5 ]ZLVFKHQ'X¶Yµ  ELV'X¶Yµ 
'LH EHREDFKWHWHQ /LFKWIDUEHQXQWHUVFKLHGH VLQG ]XP7HLO GHXWOLFK DXIIlOOLJ XQG IKUHQ LQ
SUDNWLVFKHQ$QZHQGXQJHQ]XQLFKWDN]HSWLHUEDUHQ)DUEXQWHUVFKLHGHQ
)RUVFKXQJVK\SRWKHVHQ
'LH QHX YRUJHVFKODJHQHQ 6SHNWUDOZHUWIXQNWLRQHQ QDFK 32/67(5 PRGHOOLHUHQ GLH )DUE
ZDKUQHKPXQJYRQZHLHQ/('/LFKWTXHOOHQLQSUD[LVUHOHYDQWHQ$QZHQGXQJHQEHL/HXFK
WHQ EHVVHU XQG IKUHQ ]X ZHQLJHU0HWDPHULH%UFKHQ $OWHUVDEKlQJLJH 9HUlQGHUXQJHQ
GHV$XJHVPVVHQEHLGHU0RGHOOLHUXQJGHU)DUEZDKUQHKPXQJEHUFNVLFKWLJWZHUGHQ
9HUVXFKVDXIEDX
%DVLHUHQGDXIGHU6LPXODWLRQP|JOLFKHU9DULDWLRQHQLP6SHNWUXPGXUFKGHQ+HUVWHOOXQJV
SUR]HVVZXUGHQ/('7\SHQEH]JOLFK0HWDPHULH%UFKH DXVJHZlKOWJHIHUWLJWXQGPHVV
WHFKQLVFKFKDUDNWHULVLHUW /('7\SHQZXUGHQLQ/LFKWER[HQPLWHLQHU6WUHXVFKHLEHXQG
LQKDQGHOVEOLFKH6WUDKOHUYHUEDXWXQGYLVXHOOGXUFKMQJHUH-DKUHXQGlOWHUH
!-DKUH3UREDQGHQKLQVLFKWOLFKGHU/LFKWIDUEHQXQWHUVFKLHGHEHLGLUHNWHUXQGLQGLUHNWHU
%HREDFKWXQJEHZHUWHW'LHJHPHVVHQHQ6SHNWUDOYHUWHLOXQJHQZXUGHQPLWYHUVFKLHGHQHQ
6SHNWUDOZHUWIXQNWLRQHQ YHUUHFKQHW )DUEDEVWlQGH ]ZLVFKHQ GHQ XQWHUVFKLHGOLFKHQ /('
7\SHQEHVWLPPWXQGPLWGHQYLVXHOOHQ8UWHLOHQGHU3UREDQGHQYHUJOLFKHQ$OWHUVEHGLQJWH
bQGHUXQJHQGHU)DUEZDKUQHKPXQJZXUGHQPLWEHWUDFKWHW
(UJHEQLVVHLP9HUJOHLFKPLWELVKHULJHQ(UJHEQLVVHQ
(UVWH (UJHEQLVVHQ GHXWHQ GDUDXI KLQ GDVV GLH 6SHNWUDOZHUWIXQNWLRQHQ 78,/
78,/ GLH)DUEZDKUQHKPXQJ]XP7HLOEHVVHUPRGHOOLHUHQDOVGLHVPLWGHPVWDQ
GDUGLVLHUWHQ 9HUIDKUHQ P|JOLFK LVW 'HU]HLW VLQG GLH 8QWHUVXFKXQJHQ QRFK QLFKW DEJH
VFKORVVHQXQGXPIlQJOLFKDXVJHZHUWHW
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5HVHDUFK,VVXHV
6WXGLHV KDYH UHYHDOHG LQFRQVLVWHQF\ RI PHWDPHULVP /DUJH FRORXU GLIIHUHQFHV DUH SHU
FHLYHG EHWZHHQ/('VHYHQWKRXJKWKHFRORXUFRRUGLQDWHVDUH LGHQWLFDOZKHQ WKHFRORXU
PDWFKLQJIXQFWLRQVRIWKH&,(VWDQGDUGRIDQGRIDUHXVHGIRUWKHFDOFXODWLRQV
2QWKHEDVLVRIQXPHURXVFRORXUPDWFKLQJH[SHULPHQWV32/67(5 KDVVXJJHVWHG QHZFRO
RXUPDWFKLQJ IXQFWLRQV 78,/DQG78,/'R WKHVHVHUYH WR PRGHOKX
PDQSHUFHSWLRQEHWWHU"0LJKWWKH\EHDPHDQVRI RSWLPLVLQJ WKHELQQLQJRIZKLWH/('V"
6WDWHRIWKH$UW
&XUUHQWO\ WKH FRORXUPDWFKLQJ IXQFWLRQV RI WKH &,( VWDQGDUG REVHUYHU RI  DUH WKH
VWDQGDUGIRUJHQHUDOFRORULPHWU\DQGIRUWKHELQQLQJRIZKLWH/('V32/67(5 IRXQG FRORXU
GLIIHUHQFHVEHWZHHQYLVXDOO\PDWFKHG/('VSHFWUD DQG WKH UHVXOWVRIFDOFXODWLRQVEDVHG
RQ WKH &,(  FRORXUPDWFKLQJ IXQFWLRQV XS WR 'u’v‘  .5$0(5 LQYHVWLJDWHG
ZKLFK GLIIHUHQFHV LQ OXPLQRXVFRORXUV DUH MXVWQRWLFHDEOH7KHWKUHVKROGYDOXHVKHIRXQG
DUH LQ WKH UDQJHEHWZHHQ'u’v‘ DQG 'u’v‘  ,Q VRPH FDVHV WKH YLVLEOH
GLIIHUHQFHV LQ OXPLQRXVFRORXUDUH VRFOHDUO\SHUFHSWLEOH WKDWXVHUV ILQG WKHPXQDFFHSWD
EOH
+\SRWKHVHV
7KHFRORXUPDWFKLQJ IXQFWLRQVUHFRPPHQGHGE\32/67(5 DUHPRUHVXFFHVVIXO LQPRGHO
OLQJ WKHSHUFHSWLRQRIOXPLQRXVFRORXUVRIZKLWH/('VLQFRPPRQXVHVRWKDWOHVVLQFRQ
VLVWHQF\DULVHVGXHWR PHWDPHULVP$JHUHODWHGFKDQJHVLQWKHKXPDQH\HPXVWEHWDNHQ
DFFRXQWRILQWKHPRGHOOLQJSURFHGXUHIRUYDULDWLRQLQKRZDSSHDUDQFHLVSHUFHLYHG
([SHULPHQWDO6HWXS
+DYLQJXVHGVLPXODWLRQ WRHVWDEOLVK WKHSRVVLELOLW\RI YDULDWLRQ LQ WKHVSHFWUDOGLVWULEXWLRQ
GXH WR WKHPDQXIDFWXULQJSURFHGXUHZHVHOHFWHG/(' W\SHV ZKLFKZHUH OLNHO\ WREH
UHOHYDQW LQ D VWXG\ RI LQFRQVLVWHQF\ RIPHWDPHULVP KDG WKHP PDQXIDFWXUHG DQG WKHQ
FKDUDFWHULVHGWKHPE\FRORULPHWU\:HILWWHG WKHP LQWROXPLQDLUHV DQG LQ ER[HVZLWKGLIIX
VRUV7KH\ZHUHWKHQHYDOXDWHGE\\RXQJ \HDUVSHRSOH DQGROGHU! \HDUV
SHRSOH ZKR UDWHG WKH OXPLQRXV FRORXU GLIIHUHQFHV WKH\ SHUFHLYHG LQ WKH  /('
FRPELQDWLRQV WHVWHG7KHPHDVXUHGVSHFWUDOGLVWULEXWLRQVZHUHZHLJKWHGLQUHVSHFWRI WKH
GLIIHUHQWFRORXUPDWFKLQJIXQFWLRQVWKHFRORXUFRRUGLQDWHVZHUHGHWHUPLQHGDQGWKHFRORXU
GLIIHUHQFHIRUHDFKFRPELQDWLRQRI/('VZDV FDOFXODWHG%HVLGHVFRPSDULQJWKHFDOFXODWHG
FRORXUGLIIHUHQFHVZLWKWKHVXEMHFWLYHUDWLQJVRIWKHSDUWLFLSDQWVLQWKHH[SHULPHQWZHDOVR
IRFXVHGRQWKHFKDQJHVLQFRORXUSHUFHSWLRQDWWULEXWDEOHWRDJHLQJ
5HVXOWV
,QLWLDO LQGLFDWLRQ LV WKDW WKH FRORXUPDWFKLQJ IXQFWLRQV UHFRPPHQGHG E\ 32/67(5 PRGHO
FRORXUSHUFHSWLRQEHWWHUWKDQWKHVWDQGDUGSURFHGXUHXVHGWRGDWH7KHLQYHVWLJDWLRQVDUH
FRQWLQXLQJDQGWKHUHVXOWVDUHEHLQJDQDO\VHGLQGHWDLO
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%LHVNH.0LFKO-6WXEHQUDXFK1 6FKLHU]&K)URKQDSIHO$ :LOP$
7HFKQLVFKH8QLYHUVLWlW,OPHQDX=XPWREHO/LJKWLQJ*PE+ 265$02SWR
6HPLFRQGXFWRUV*PE+
'U,QJ.DULQ%LHVNH78,OPHQDX)DN0%)*/LFKWWHFKQLN3),OPHQDX
Zusammenfassung 
'DV ELVKHULJH %LQQLQJ9HUIDKUHQ IU /('V EDVLHUW DXI GHQ &,(1RUPVSHNWUDOZHUW
IXQNWLRQHQ-HGRFK]HLJHQVLFK LQGHU3UD[LV WURW]PHVVWHFKQLVFKJOHLFKHU)DUE|UWHU]XP
7HLO GHXWOLFKH /LFKWIDUEHQXQWHUVFKLHGH 9RQ 32/67(5 VLQG QHXH 6SHNWUDOZHUWIXQNWLRQHQ
YRUJHVFKODJHQZRUGHQ GLH GLH )DUEZDKUQHKPXQJEHVVHUPRGHOOLHUHQ ,P/DERUYHUVXFK
ZXUGHQ DXVJHZlKOWH /('7\SHQ LQ UHDOLWlWVQDKHQ $XIEDXWHQ GDUJHERWHQ XQG YRQ 3UR
EDQGHQ EHZHUWHW 'HU 9HUJOHLFK GHU VXEMHNWLYHQ 3UREDQGHQEHZHUWXQJPLW GHQ UHFKQHUL
VFKHQ)DUEDEVWlQGHQ'u’v‘ OLHIHUWHLQH$XVVDJHEHUGLH(LJQXQJGHUXQWHUVXFKWHQ6SHNW
UDOZHUWIXQNWLRQHQ 'LH (UJHEQLVVH GHXWHQ GDUDXI KLQ GDVV GLH 6SHNWUDOZHUWIXQNWLRQHQ
78,/GLH)DUEZDKUQHKPXQJ]XP7HLOEHVVHUPRGHOOLHUHQDOVGLHVPLWGHPVWDQGDU
GLVLHUWHQ9HUIDKUHQP|JOLFKLVW
 (LQOHLWXQJXQG6WDQGGHU:LVVHQVFKDIW
/('V /LFKWHPLWWLHUHQGH'LRGHQKDEHQVLFKLQYLHOHQ%HUHLFKHQGHU%HOHXFKWXQJVWHFKQLN
HWDEOLHUW'DEHLZHUGHQRIWPHKUHUH/('V LQHLQHP%HOHXFKWXQJVV\VWHPYHUEDXW:HVHQW
OLFKIUGLH4XDOLWlWGHU%HOHXFKWXQJLVW HLQKRPRJHQHV(UVFKHLQXQJVELOG LQ/HXFKWGLFKWH
XQG/LFKWIDUEH LQQHUKDOEXQG]ZLVFKHQ/HXFKWHQ 7ROHUDQ]HQLP+HUVWHOOXQJVSUR]HVVXQG
LP%HWULHEYRQ/('V IKUHQ]X9DULDQ]HQ LQ6SHNWUDOYHUWHLOXQJXQG/LFKWIDUEH >@'HUHQ
.RQWUROOHPDFKW HLQH IRWRPHWULVFKH XQG IDUEPHWULVFKH&KDUDNWHULVLHUXQJ XQG .ODVVLIL]LH
UXQJ %LQQLQJGHU/('V HUIRUGHUOLFK6WDQGDUG IUGLH IDUEPHWULVFKH 0HVVXQJ YRQ/('V
XQGGDV/('%LQQLQJVLQGGLH&,(1RUPVSHNWUDOZHUWIXQNWLRQHQ >@
,Q 8QWHUVXFKXQJHQ ]HLJWHQ VLFK MHGRFK 6FKZLHULJNHLWHQ EHL GHU 0RGHOOLHUXQJ GHU )DUE
ZDKUQHKPXQJ DXI %DVLV GHU VWDQGDUGLVLHUWHQ 1RUPVSHNWUDOZHUWIXQNWLRQHQ GHU &,( YRQ
XQG7URW]PHVVWHFKQLVFKJOHLFKHU)DUE|UWHUZHUGHQ/LFKWIDUEHQXQWHUVFKLHGH
HUNDQQW >@>@ -HQDFK6SHNWUDOYHUWHLOXQJVLQG IUZHLH/(' PLW LGHQWLVFKHQ)DUENRRU
GLQDWHQ EHZHUWHW PLW GHQ 1RUPVSHNWUDOZHUWIXQNWLRQHQ  IU YLVXHOOH *OHLFKKHLW GHU
/LFKWIDUEHQ )DUEUDXPIHKOHU ELV ]X'u’v‘  YRQ 32/67(5 EHVFKULHEHQ ZRUGHQ >@
'LH)DUEGLVNULPLQDWLRQVVFKZHOOHIUZHLH/('/LFKWIDUEHQOLHJHQQDFK.5$0(5]ZLVFKHQ
'u’v‘ ELV'u’v‘  >@'LHEHREDFKWHWHQ/LFKWIDUEHQXQWHUVFKLHGHVLQG]XP
7HLO GHXWOLFK DXIIlOOLJ XQG IKUHQ LQ SUDNWLVFKHQ $QZHQGXQJHQ ]X NULWLVLHUWHQ )DUEXQWHU
VFKLHGHQ
%DVLHUHQG DXI XPIDQJUHLFKHQ $UEHLWHQ PLW /('6SHNWUDONRPELQDWLRQHQ IU ZHLH /LFKW
IDUEHQ JLEW HV YRQ 32/67(5 9RUVFKOlJH IU QHXH 6SHNWUDOZHUWIXQNWLRQHQ 78,/ 
XQG78,/  >@ :HQQGXUFKGLHVH6SHNWUDOZHUWIXQNWLRQHQGLH)DUEZDKUQHKPXQJ
YRQ/('/LFKWTXHOOHQYHUOlVVOLFKHUEHVFKUHLEEDULVWELHWHQGLHVH$QVlW]H]XU2SWLPLHUXQJ
GHV%LQQLQJVYRQ/('
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'LH)DUEZDKUQHKPXQJZLUGGXUFKYLHOH)DNWRUHQEHHLQIOXVVW1HEHQGHP6HKREMHNWVHOEVW
XQGGHQ%HREDFKWXQJVEHGLQJXQJHQVSLHOHQLQGLYLGXHOOH8QWHUVFKLHGH]ZLVFKHQ%HREDFK
WHUQHLQH5ROOH(LJHQVFKDIWHQGHU/LQVH XQGGHU 6FKLFKW GHV0DNXODSLJPHQWV GLH'LFKWH
GHV3KRWRSLJPHQWVVRZLH GLH$Q]DKOXQG9HUWHLOXQJGHU5H]HSWRUHQLQGHU5HWLQDYDULLH
UHQ]ZLVFKHQ3HUVRQHQ>@>@,QWHULQGLYLGXHOOH8QWHUVFKLHGHVRZLHDOWHUVDEKlQJH%HZHU
WXQJHQOLHJHQQDKHXQGZHUGHQLQ$XVZHUWXQJGHU 8QWHUVXFKXQJPLWEHWUDFKWHW
 )RUVFKXQJVK\SRWKHVHQ
=LHOGHU8QWHUVXFKXQJLVWHVXQWHUVFKLHGOLFKH6SHNWUDOZHUWIXQNWLRQHQDXILKUH(LJQXQJIU
GLH0RGHOOLHUXQJGHU)DUEZDKUQHKPXQJ]XWHVWHQ'DEHLZLUGYRQIROJHQGHQ+\SRWKHVHQ
DXVJHJDQJHQ
 'LH QHX YRUJHVFKODJHQHQ 6SHNWUDOZHUWIXQNWLRQHQ QDFK 32/67(5 PRGHOOLHUHQ GLH
)DUEZDKUQHKPXQJYRQZHLHQ/('/LFKWTXHOOHQLQSUD[LVUHOHYDQWHQ$QZHQGXQJHQ
EHL/HXFKWHQEHVVHU
 %HL GHU%HZHUWXQJ YRQ/LFKWIDUEHQXQWHUVFKLHGHQ ]HLJHQ VLFK8QWHUVFKLHGH LQ$E
KlQJLJNHLWYRP$OWHU
 8QWHUVXFKXQJHQ
%DVLHUHQGDXIGHU6LPXODWLRQP|JOLFKHU9DULDWLRQHQLP6SHNWUXPGXUFKGHQ+HUVWHOOXQJV
SUR]HVV IUZHLH OHXFKWVWRIINRQYHUWLHUWH/('V PLW HLQHUlKQOLFKVWHQ)DUEWHPSHUDWXUYRQ
CCT  . ZXUGHQ /('7\SHQ EH]JOLFK LKUHU )DUERUWXQWHUVFKLHGH EHL 9HUZHQGXQJ
XQWHUVFKLHGOLFKHU6SHNWUDOZHUWIXQNWLRQHQ DXVJHZlKOWJHIHUWLJWXQGPHVVWHFKQLVFKFKDUDN
WHULVLHUW'DEHLZXUGHQGLH1RUPVSHNWUDOZHUWIXQNWLRQHQ&,( XQG&,( GLH6SHN
WUDOZHUWIXQNWLRQHQ&,(   XQG VRZLH GLH YRQ32/67(5 YRUJHVFKODJHQHQ 6SHN
WUDOZHUWIXQNWLRQHQ 78,/  XQG 78,/  HLQEH]RJHQ >@>@>@ $XHUGHP
ZXUGHQDXI*UXQGODJHYRQ &,( 6SHNWUDOZHUWIXQNWLRQHQIUHLQ$OWHUYRQ-DKUHQ
EHUHFKQHW>@ $XVJHZlKOWZXUGHQVROFKH6SHNWUHQGLHLQGHQ%HZHUWXQJVV\VWHPHQYHU
VFKLHGHQH /LFKWIDUEHQXQWHUVFKLHGH YRUKHUVDJHQ=HKQ XQWHUVFKLHGOLFKH/('7\SHQNRQQ
WHQJHIHUWLJWZHUGHQXQGZXUGHQYRP+HUVWHOOHUIUXQWHUVFKLHGOLFKH%HWULHEVEHGLQJXQJHQ
FKDUDNWHULVLHUW 'LHVH ZXUGHQ LQ SUD[LVQDKH  9HUVXFKVDXIEDXWHQ LQWHJULHUW $QKDQG YRQ
3UREDQGHQXUWHLOHQZHUGHQGLH9RUKHUVDJHQEHUSUIW
 9HUVXFKVDXIEDX
'LH /('7\SHQZXUGHQLQ/LFKWER[HQPLWHLQHU6WUHXVFKHLEH/LFKWDXVWULWWVIOlFKH PP
[ PP XQG LQ KDQGHOVEOLFKH 6WUDKOHU =8072%(/ 9,92//(' YHUEDXW 'HQ 9HU
VXFKVDXIEDXIUEHLGH6LWXDWLRQHQ]HLJW$EE
,Q HLQHP /DERUUDXP l  P b  P h  P ZHUGHQ MHZHLOV ]ZHL EHQDFKEDUWH
/LFKWER[HQ YRU HLQHU EHOHXFKWHWHQ 3URMHNWLRQVZDQG P[P GHQ 3UREDQGHQ LQ HLQHU
(QWIHUQXQJYRQ PGDUJHERWHQ'LHVHQWVSULFKW HLQHU%HREDFKWHUIHOGJU|HYRQ 'LH
%HREDFKWHUSRVLWLRQLVWEHUHLQH.RSIVWW]HIL[LHUW'DV8PIHOG§ ZLUGEHU/HXFKWHQ
PLW /HXFKWVWRIIODPSHQ CCT  . DQJHSDVVW DQ GLH UHVXOWLHUHQGH lKQOLFKVWH )DUE
WHPSHUDWXUGHU/LFKWER[HQPLWHLQHUPLWWOHUHQ/HXFKWGLFKWHYRQL  FGPðJOHLFKPl
LJEHOHXFKWHW
713
Wandfläche
Projektionswand
Lichtboxen
Umfeld-
beleuchtung
Wandfläche
Projektionswand
Strahler
Bewertungs-
flächen
$EE6FKHPDGHU9HUVXFKVDXIEDXWHQ LP/DERUUDXPIUGLH%HXUWHLOXQJGHU/LFKWIDUEHQXQWHUVFKHLGHDQ
/LFKWER[HQOLQNVXQG]XU%HZHUWXQJGHU6WUDKOHUUHFKWV
,QXPIDQJUHLFKHQ0HVVXQJHQZXUGHQ(LQIOVVHGHU/LFKWER[HQDXI6SHNWUDOYHUWHLOXQJGHU
/(' +RPRJHQLWlW ]HLWOLFKH 6WDELOLWlW XQG 5HSURGX]LHUEDUNHLW GHU /LFKWIDUEH XQWHUVXFKW
XQGRSWLPLHUW,QQHUKDOEGHU/LFKWER[ZXUGHQGLH*OHLFKPlLJNHLW IUGLH/HXFKWGLFKWHXQG
GLH/LFKWIDUEHDQ0HVVSXQNWHQJHPHVVHQ9HUZHQGHWZXUGHQGDIUGLH/HXFKWGLFKWH
XQG )DUEPHVVNDPHUD /0.  FRORU 7HFKQR7HDP VRZLH GDV 6SHNWUDOUDGLRPHWHU
&6 $0LQROWD'LH /LFKWER[HQZHLVHQ/HXFKWGLFKWHQYRQ L    FGPð0:
V DXI 'LH6WDQGDUGDEZHLFKXQJ XPGHQ0LWWHOZHUW GHV )DUERUWV EHWUlJWǻu‘ 
XQGǻv‘ =ZLVFKHQEHQDFKEDUWHQ%R[HQODJHQGLH8QWHUVFKLHGHLQGHU/HXFKW
GLFKWH EHL PD[LPDOǻL  FGPð *UHQ]HQ VLQG GXUFK GLH$QVWHXHUXQJ EHU GDV
'$/,3URWRNROOJHJHEHQ
'LH%HZHUWXQJGHU6WUDKOHUHUIROJW LQQHUKDOEGHV/LFKWNHJHOVDXIHLQHU3URMHNWLRQVIOlFKH
GLH PLW PDWWZHLHP DVHOHNWLYHP &DQVRQ3DSLHU EH]RJHQ LVW 'LH /HXFKWHQ VLQG GDEHL
YHUWLNDODXVJHULFKWHWXQGEHOHXFKWHQGLH3URMHNWLRQVIOlFKHYRQXQWHQ'LH%HREDFKWHUHQW
IHUQXQJGHU3UREDQGHQEHWUlJW  P'DV %HZHUWXQJVIHOGMH6WUDKOHU  PP[ PP
LVW IUHLQH%HREDFKWHUIHOGJU|HYRQGHILQLHUWXQGDXIGHU3URMHNWLRQVIOlFKHPDUNLHUW
(V ZXUGH VR JHZlKOW GDVV VW|UHQGH ,QKRPRJHQLWlWHQ LQQHUKDOE GHU %HZHUWXQJVIOlFKH
YHUPLHGHQZHUGHQ'XUFKGHQJUDGXHOOHQ9HUODXIVLQGVLH WROHULHUEDU'LH0HVVZHUWH LQ
QHUKDOEGHU%HZHUWXQJVIHOGHU OLHJHQEHL /HXFKWGLFKWHQYRQ L  FGPð 0:V
XQG VWUHXHQ IU GLH )DUENRRUGLQDWHQ XP'u‘  v‘ 'HUPD[LPDO ]ZL
VFKHQ]ZHL 6WUDKOHUQDXIWUHWHQGH/HXFKWGLFKWHXQWHUVFKLHGOLHJWEHLǻL FGPð 
 3UREDQGHQ
$QGHU8QWHUVXFKXQJQDKPHQ 3UREDQGHQGDUXQWHU )UDXHQ WHLO'LH*UXSSHVHW]W
VLFKDXV MQJHUHQ  -DKUHXQGlOWHUHQ!  -DKUH3HUVRQHQ]XVDPPHQ'LH
3UREDQGHQZXUGHQYRUDEDXI)DUEWFKWLJNHLWXQG6HKVFKlUIHJHSUIW 3HUVRQHQPLWDXV
JHSUlJWHQ$XJHQNUDQNKHLWHQ]%JUDXHU6WDUXQGIUKHUHQ $XJHQRSHUDWLRQHQ]%(LQ
VDW]HLQHUNQVWOLFKHQ/LQVHZXUGHQYRQGHU8QWHUVXFKXQJDXVJHVFKORVVHQ
 0HWKRGH
'HQ3UREDQGHQZXUGHQ /('.RPELQDWLRQHQMH9HUVXFKVVLWXDWLRQLQ]XIlOOLJHU5HLKHQ
IROJHGDUJHERWHQ(LQ]HOQH.RPELQDWLRQHQZXUGHQIUGLH(UIDVVXQJGHU5HSURGX]LHUEDU
NHLW GHU%HZHUWXQJHQZLHGHUKROW JHWHVWHW(VZHUGHQGLHMHQLJHQ.RPELQDWLRQHQJHSUIW
GLH QDFK GHP ELVKHULJHQ %LQQLQJ9HUIDKUHQ NHLQHQ RGHU QXU HLQHQ NOHLQHQ )DUEDEVWDQG
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%HZHUWXQJPLWHLQHUDQGHUHQ6SHNWUDOZHUWIXQNWLRQHLQHQNOHLQHQ)DUEXQWHUVFKLHGYRUKHU
VDJHQ
=XU %HVWLPPXQJ GHV UHVXOWLHUHQGHQ )DUERUWV GHU /LFKWER[HQ XQG GHUPLW GHQ 6WUDKOHUQ
EHOHXFKWHWHQ )OlFKHQ ZXUGH MHZHLOV GHU 0HVVZHUW LP0LWWHOSXQNW GHU %HZHUWXQJVIOlFKH
YHUZHQGHW $EE ]HLJW GLH9HUWHLOXQJ GHU)DUERUWNRRUGLQDWHQ LQ GHU8&6u’v‘)DUEWDIHO
DXI *UXQGODJH GHU 1RUPVSHNWUDOZHUWIXQNWLRQHQ &,(  =XU 2ULHQWLHUXQJ VLQG GLH
0DF$GDP(OOLSVHQXQGGLHDQGHU78,OPHQDXEHVWLPPWHQ (OOLSVHQQDFK.5$0(5>@
HLQJH]HLFKQHW 'DV ELVKHULJH %LQQLQJ9HUIDKUHQ RULHQWLHUW VLFK EOLFKHUZHLVH DQ 6WHS
0DF$GDP(OOLSVHQ 'LH)DUE|UWHUGHU/('7\SHQ%+XQG-EHILQGHQVLFK LQQHUKDOEGHU
6WHS(OOLSVHQ 'LH /LFKWIDUEHQ GLHVHU 7\SHQ VROOWHQ YRQHLQDQGHU QLFKW XQWHUVFKHLGEDU
VHLQ )UDXVJHZlKOWH.RPELQDWLRQHQVLQGGLHEHUHFKQHWHQ)DUEDEVWlQGH 'u’v‘ EHLVSLHO
KDIW IUXQWHUVFKLHGOLFKH6SHNWUDOZHUWIXQNWLRQHQ XQG$OWHUVJUXSSHQ LQGHU7DEHOOH QHEHQ
GHU$EELOGXQJ]XVDPPHQJHIDVVW


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
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0DF$GDP(OOLSVHQ
	VWHS
(OOLSVHQ
QDFK.UDPHU
	VWHS
7HVW/('V
)DUEDEVWDQG'u’v‘ IU DXVJHZlKOWH /(' .RPELQD
WLRQHQDXI*UXQGODJH XQWHUVFKLHGOLFKHU6SHNWUDOZHUW
IXQNWLRQHQXQG$OWHUVJUXSSHQ QDFK>@>@
2006-TUIL 10°
60 Jahre
BH 0,0009 0,0016 0,0007
BJ 0,0005 0,0084 0,0056
HJ 0,0012 0,0100 0,0058
GJ 0,0111 0,0019 0,0048
FJ 0,0015 0,0022 0,0021
AB 0,0019 0,0013 0,0011
CIE 1931 2006-TUIL 10°LED-Kom-
bination
$EE)DUE|UWHUGHU/LFKWER[HQ LQGHU8&6u’v‘)DUEWDIHO DXI*UXQGODJHGHU1RUPVSHNWUDOZHUWIXQNWLRQHQ
&,( $XHUGHPHLQJH]HLFKQHW0DF$GDP(OOLSVHQXQG(OOLSVHQQDFK.5$0(5>@PLW(OOLSVHQVFKZHU
SXQNWLP0LWWHOZHUWGHU)DUERUWNRRUGLQDWHQ GHUYHUZHQGHWHQ/('7\SHQ %+XQG- OLQNVXQGEHUHFKQHWH
/LFKWIDUEHQXQWHUVFKLHGH'u’v‘ IUDXVJHZlKOWH/('.RPELQDWLRQHQ UHFKWV
'HU)DUEDEVWDQG ZXUGHIUGLHJHWHVWHWHQ.RPELQDWLRQHQQDFK*OHLFKXQJ EHVWLPPW

-HGH.RPELQDWLRQGHU/LFKWIDUEHZXUGHYRQGHQ3UREDQGHQDQKDQGGHU%HZHUWXQJVVNDOD
$EEEHZHUWHW
        
NHLQ
8QWHUVFKLHG
JHUDGH
HUNHQQEDU
NOHLQHU
8QWHUVFKLHG
JURHU
8QWHUVFKLHG
VHKUJURHU
8QWHUVFKLHG
$EE 6NDOD]XU%HZHUWXQJGHUJHVHKHQHQ/LFKWIDUEHQXQWHUVFKLHGH
ᇞ ݑԢݒԢ = ඥ(ݑԢ1 െ ݑԢ2)2 + (ݒԢ1 െ ݒԢ2)2 
DXIZHLVHQ GUIWHQ $XHUGHP ZHUGHQ DOOH ZHLWHUHQ .RPELQDWLRQHQ XQWHUVXFKW GLH EHL
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 (UJHEQLVVH
=XP =HLWSXQNW GHU (UVWHOOXQJ GLHVHV %HLWUDJV ZDUHQ GLH 8QWHUVXFKXQJHQ QLFKW DEJH
VFKORVVHQVRGDVVVLFK]XPJHJHQZlUWLJHQ=HLWSXQNWNHLQHHQGJOWLJHQ(UJHEQLVVHGDU
VWHOOHQODVVHQ$EE XQG $EE ]HLJHQ HUVWH5HVXOWDWH'DUJHVWHOOWVLQG0LWWHOZHUWH0:
XQG6WDQGDUGDEZHLFKXQJV IUGLHVXEMHNWLYHQ%HZHUWXQJHQGHU/LFKWIDUEHQXQWHUVFKLHGH
IUGLHXQWHUVXFKWHQ/LFKWIDUEHQNRPELQDWLRQHQLQGHQ/LFKWER[HQXQGEHLGHQ6WUDKOHUQIU
 3UREDQGHQ 'LHGDUJHVWHOOWHQ7UHQGOLQLHQEDVLHUHQ DXIGHQ%HZHUWXQJHQDOOHU3UREDQ
GHQIUDOOH/('.RPELQDWLRQHQ QLFKWDXIGHQ0LWWHOZHUWHQ'DUDXIEH]LHKHQVLFKDXFK
GLHDQJHJHEHQHQ%HVWLPPWKHLWVPDHR²
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$EE 6XEMHNWLYZDKUJHQRPPHQH/LFKWIDUEHQXQWHUVFKLHGH ]ZLVFKHQ GHQ%HZHUWXQJVIOlFKHQGHU6WUDKOHU
EHXUWHLOWQDFK%HZHUWXQJVVNDODLQ$EE0:V 3UREDQGHQ
%HVFKUHLEW GLH YHUZHQGHWH 6SHNWUDOZHUWIXQNWLRQ GLH )DUEZDKUQHKPXQJ KLQUHLFKHQG NRU
UHNWLVW]XHUZDUWHQGDVVPLWJU|HUZHUGHQGHQ)DUEDEVWDQG 'u’v‘GHU VXEMHNWLYZDKUJH
QRPPHQH )DUEXQWHUVFKLHGHXQGGDPLW GLH%HZHUWXQJ DQVWHLJW(UZDUWHWZLUG HLQH KRKH
.RUUHODWLRQGHU'DWHQ
'LHHUVWHQ(UJHEQLVVHGHXWHQGDUDXIKLQGDVVGLH6SHNWUDOZHUWIXQNWLRQHQ78,/ 
GLH )DUEZDKUQHKPXQJ LQ UHDOLWlWVQDKHQ9HUVXFKVDXIEDXWHQ IUZHLH OHXFKWVWRIINRQYHU
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WLHUWH/('/LFKWTXHOOHQ]XP7HLOEHVVHUPRGHOOLHUHQDOVGLHVPLWGHPVWDQGDUGLVLHUWHQ9HU
IDKUHQQDFK&,( P|JOLFKLVW $XVVDJHQEHUGHQ$OWHUVHLQIOXVVLQGHU8QWHUVXFKXQJ
VLQGELVKHUQLFKWP|JOLFKGDGLH'DWHQ]XGLHVHP$VSHNWQRFKQLFKWDQDO\VLHUWZXUGHQ
 =XVDPPHQIDVVXQJ
=XPMHW]LJHQ6WDQGGHU$XVZHUWXQJZLUGYRQGHU%HVWlWLJXQJGHU7KHVH DXVJHJDQJHQ
$XI%DVLVGHVELVKHULJHQ%LQQLQJ9HUIDKUHQV VLQGDXIIlOOLJH/LFKWIDUEHQXQWHUVFKLHGHWURW]
lKQOLFKHU)DUE|UWHUIUGLH/('$XVZDKOLQGHU$QZHQGXQJQLFKWDXV]XVFKOLHHQ
'LH 8QWHUVXFKXQJ IDQG LQ HQJHU =XVDPPHQDUEHLW PLW GHQ
3UD[LVSDUWQHUQ 265$0 2SWR 6HPLFRQGXFWRUV *PE+ XQG
=XPWREHO /LJKWLQJ *PE+ VWDWW XQG ZXUGH LP 5DKPHQ GHV
3URMHNWHV 81,/(' ,, )|UGHUNHQQ]HLFKHQ 1 YRP
%XQGHVPLQLVWHULXPIU%LOGXQJXQG)RUVFKXQJJHI|UGHUW
 /LWHUDWXUYHU]HLFKQLV
>@ .UFNHEHUJ-+RFKOHLVWXQJV/('VLQGHU3UD[LV)UDQ]LV9HUODJ
>@ $16,B1(0$B$16/* & $PHULFDQ 1DWLRQDO 6WDQGDUG IRU (OHFWULF
/DPSV6SHFLILFDWLRQVIRUWKHFKURPDWLFLW\RIVROLGVWDWHOLJKWLQJ SURGXFWV
>@ %LHVNH. &VXWL 3 6FKDQGD - &RORXUDSSHDUDQFHRIPHWDPHULF OLJKWVDQGSRV
VLEOH FRORULPHWULF GHVFULSWLRQ &,(([SHUW 6\PSRVLXP RQ 9LVXDO $SSHDUDQFH 3DULV

>@ &VXWL 3 6FKDQGD - &RORXU0DWFKLQJ([SHULPHQWVZLWK5*%/('V,Q&RORU5H
VHDUFKDQG$SSOLFDWLRQ  6
>@ 3ROVWHU 6 1HXH 6SHNWUDOZHUWIXQNWLRQHQ IU GLH NRUUHNWH %HZHUWXQJ YRQ /('
6SHNWUHQ XQG (LQIKUXQJ HLQHV0HWDPHULH,QGH[ IU %HREDFKWHUIHOGJU|HQDEKlQ
JLJNHLW 'LVVHUWDWLRQ78,OPHQDX 'HU $QGHUH9HUODJ
>@ .UDPHU * )DUEGLVNULPLQDWLRQ(LQHPSLULVFKHU$QVDW]IUGLH*UXSSLHUXQJZHLHU
/('V 'LVVHUWDWLRQ78,OPHQDX 'HU$QGHUH9HUODJ
.UDPHU *6FKLHU]&K &RORUGLVFULPLQDWLRQVXEMHFWWRLOOXPLQDQWDQGFRORUWUDQVL
WLRQ&RORU5HVHDUFKDQG$SSOLFDWLRQ '2,FRO
>@ 6WRFNPDQ $ 6KDUSH / &RQH VSHFWUDO VHQVLWLYLWLHV DQG FRORU PDWFKLQJ ,Q *H
JHQIXUWQHU . +UVJ 6KDUSH / +UVJ&RORU YLVLRQ IURP JHQHV WR SHUFHSWLRQ
&DPEULGJH8QLYHUVLW\3UHVV 6±
>@ :HEVWHU 0 0DF/HRG ' )DFWRUVXQGHUO\LQJGLIIHUHUHQFHVLQWKHFRORUPDWFKHVRI
QRUPDO REVHUYHUV ,Q -RXUQDO RI WKH 2SWLFDO 6RFLHW\ RI $PHULFD $   
6 ±
>@ 'HXWVFKHV ,QVWLWXW IU 1RUPXQJ )DUEPHWULN7HLO  &,( IDUEPHWULVFKH 1RUPDOEH
REDFKWHU',1(1,62%HUOLQ%HXWK9HUODJ
>@  &RPPLVVLRQ,QWHUQDWLRQDOHGH/¶HFODLUDJH)XQGDPHQWDO&KURPDWLFLW\'LDJUDPZLWK
3K\VLRORJLFDO$[HV 7HFKQLFDO5HSRUW&,(:LHQ
